This study was designed to test the hypothesis that a medium-term simulated microgravity by tailsuspension (SUS) induces hypertrophic and atrophic changes in the common carotid artery and abdominal aorta with their innermost smooth muscle (SM) layers being most profoundly affected. The second purpose was to elucidate whether vascular local renin-angiotensin system (L-RAS) plays an important role in the differential remodeling of the two kinds of large arteries by examining the gene and protein expression of angiotensinogen (A O ) and angiotensin II receptor type 1 (AT1R) and their localization in the vessel wall. The results showed that SUS induced an increase in the media thickness of the common carotid artery due to hypertrophy of the four SM layers and a decrease in the total crosssectional area of the nine SM layers of the abdominal aorta without significant change in its media thickness. Irrespective of the nature of remodeling, the most prominent changes were in the innermost layers. Immunohistochemistry, in situ hybridization, Western blot, and real time quantitative PCR analysis revealed that SUS induced an up-and down-regulation in A O and AT1R expression in the common carotid artery and abdominal aorta, respectively. In conclusion, our findings have demonstrated some special features in the structural adaptation of large elastic arteries due to a mediumterm simulated microgravity.
Acta Physiologica Hungarica 96, 2009 shown for the first time the upward and downward regulation in the function, structure, and innervation state of small-and medium-sized arteries from fore and hind body parts of the same animal subjected to tail-suspended head-down tilt (SUS) over a period of eight weeks and its reversal after the release from SUS (36, 38, 39) . Our results are basically consistent with the findings from other laboratories (8, 11, 17, 20, 27, 31, 35) . These findings substantiate in general the hypothesis first raised by Hargens et al. (13, 33) that microgravity-induced chronic changes in regional vascular transmural pressures due to the removal of hydrostatic pressure gradient may well initiate differential adaptation of vessels in different anatomic regions. Furthermore, these results from animal studies are also consistent with recent findings from ground-based and space human studies (3, 33) . The importance of diminished vascular function has been highlighted as among the primary cardiovascular risks in future long-duration, exploration class spaceflight (23).
However, there remain controversies in the literature on whether vascular adaptation to microgravity is a generalized response (5, 26) and whether the adaptation is restricted to functional changes not associated with any structural remodeling (26) . In addition to methodological reasons (36) , lack of sufficient data on the adaptation change of macro-and micro-vascular structure and function may lead to these controversies. Surprisingly, little information is available regarding the structural adaptation of large, elastic arteries. We can speculate that microgravity-induced remodeling change of arteries is different among large, elastic arteries, medium-and small-sized arteries, and arterioles. For example, during the development of hypertension, large arteries undergo outward hypertrophy, while small arteries and arterioles undergo inward hypertrophy and eutrophic remodeling (25) . Thus, to elucidate the special features of structural adaptation of large vessels during SUS in rats will help us to obtain a perfect understanding of vascular adaptation to microgravity.
Specifically, we attempted this study also owing to the following considerations. First, given that the redistribution of transmural pressures is the primary stimulus that initiates region-specific vascular remodeling during microgravity exposure, then a nonuniform hypertrophy and atrophy, with the innermost smooth muscle (SM) layers being most profoundly affected, would occur in the media of the common carotid artery and the lower abdominal aorta in SUS rats. Our reasoning is that the distribution of circumferential stress across the vessel wall is non-uniform and is highly concentrated at the inner wall (6, 7) . The response of thoracic artery to experimental renal hypertension in rats is medial hypertrophy and the change is greatest in the innermost SM layers (34) . Second, with regard to the hypothesis that vascular local reninangiotensin system (RAS) may play an important role in vascular adaptation to microgravity (1, 37) , more sophisticated methods can be used to examine and locate the expression of angiotensinogen (A O ) and angiotensin II receptor type 1 (AT1R) in a study with large, elastic arteries. Both A O and AT1R are key components of arterial local RAS (4, 9, 37) . Third, the potential importance of aortic stiffness in postspaceflight orthostatic tolerance of astronauts has been highlighted recently (32) . It has been well established that vascular local RAS participates in the deposition of Acta Physiologica Hungarica 96, 2009 extracellular matrix (ECM) (9, 37) . Thus, we need to know the remodeling and local RAS activity of different elastic arteries, which cannot be simply extrapolated from existing data of muscular arteries (1, 36, 38) .
Therefore, we designed the present study to test the hypothesis that a medium-term simulated microgravity may induce hypertrophic and atrophic change in the common carotid artery and lower abdominal aorta, with their innermost SM layers being most profoundly affected. The second purpose was to elucidate whether the local RAS activity in the wall tissue of the two kinds of large arteries is also differentially regulated by examining and locating the expression of A O and AT1R in the wall tissue.
Materials and Methods

Animal model and experimental design
Tail-suspended head-down tilt (SUS) rat model. The technique of tail suspension (21) with modification from our laboratory has been described in detail previously (39) . The animals were maintained in an about -30° head-down-tilt position to simulate cardiovascular effect of microgravity. All animals received standard rat chow and water ad libitum and were caged individually in a room maintained at 23 °C on a 12:12-h light-dark cycle. The simulation period lasted 28 days.
Experimental design
All protocols and procedures were reviewed and approved by the Animal Care and Use Committee of the Fourth Military Medical University. This study consisted of three interconnected series of experiments.
In series 1, changes in the constituent layers of the vessel wall of common carotid artery and abdominal aorta after a 28-day SUS were examined by the histomorphometric method. Ten male Sprague-Dawley rats weighing between 260 and 290 g were randomly assigned to two groups (n=5/group): tail suspension (SUS) and control (CON).
In series 2, changes in protein expression and localization of A O and AT1R in the wall tissue of the common carotid artery and abdominal aorta after a 28-day SUS were investigated in two separated experiments. Experiment 1 was designed for Western blot analysis. Ten male Sprague-Dawley rats weighing between 260 and 290 g were randomly assigned to CON and SUS (n=5/group). Experiment 2 was designed for the immunohistochemistry study with the same biological specimens from series 1.
In series 3, changes in mRNA expression and localization of A O and AT1R in the wall tissue of common carotid artery and abdominal aorta after a 28-day SUS were investigated in two separated experiments. Experiment 1 was designed for real time quantitative PCR analysis. Eight male Sprague-Dawley rats weighing between 260 and 290 g were randomly assigned to CON and SUS (n=4/group). Experiment 2 was Acta Physiologica Hungarica 96, 2009 designed for in situ hybridization. Ten male Sprague-Dawley rats weighing between 270 and 290 g were randomly assigned to CON and SUS (n=5/group).
After harvesting the vessel specimen, the left soleus muscle and tibia were removed and the muscle wet weight and bone length were measured to confirm the deconditioning effect and to monitor any effects on growth.
Specimen preparation and histomorphometry
In situ perfusion fixation and staining were performed as previously described (18, 29) . Briefly, the rats were anesthetized with sodium pentobarbital (40 mg/kg, ip) and then perfused through a cannula inserted into ascending aorta with the phosphate buffer solution (PBS) containing 10 µg/ml sodium nitroprusside and kept at 37 °C, under a pressure of 80 mmHg for 15 min. Then the vasculature was perfused and in situ fixed with 250 ml of 4% paraformaldehyde in PBS. Anatomically defined segments of common carotid artery and abdominal aorta were immediately removed. The two landmarks for the two vessel segments were ~1 mm proximal to the convergence of the internal and external carotid arteries and ~1 mm proximal to the convergence of the two common iliac arteries, respectively. The 5-µm thick cross sections of the vessels were stained with hematoxylin and eosin. The histomorphometry was performed basically according to Wiener et al. (34) . Sections with the ratio of maximum/minimum diameter being near unity were considered for subsequent measurements. Vessel wall thickness (T W , adventitial layer was not included), luminal diameter (D), thickness of the intima (T I ), thickness of each smooth muscle layer (T M ) and elastic lamina (T EL ), and number of smooth muscle layers (N M ) were measured under an optical microscope and processed by an image analysis system (Leica Q500MC, Germany). The parameters D, T W , T I , T M , T EL , and N M were measured on each section at points distributed 0°, 90°, 180°, and 270° around the circumference of each arterial ring. The cross-sectional area (CSA) of each layer was calculated from its mean inner (r 1 ) and outer radii (r 2 ) by the formula, CSA=π (r 2 2 -r 1 2 ). All measurements of these parameters were averaged from at least three measurements on five sections from each vessel.
Immunohistochemistry
For localization of A O and AT1R in the wall tissue, the cross-sections (7 µm) of in situ fixed, paraffin embedded vessel segments were processed according to the peroxidaseantiperoxidase method as we previously reported (15) . Briefly, the sections were dewaxed in xylene and rehydrated through descending concentrations of ethanol. The endogenous peroxidase activity was blocked by incubation in 0.3% hydrogen peroxide in methanol (v/v) for 15 min at 37 °C. To block non-specific binding, the sections were first incubated with a protein blocker solution containing 0.1% BSA and 2% nonimmune rabbit serum for 20 min. The sections were then incubated for 18-24 h at 4 °C with the primary antibody diluted in an antibody diluting buffer (AT1R, 1:100; A O , 1:400). The sections were then exposed to biotinylated antibody (goat anti-rabbit IgG, 1: 300, Sigma, ST Louis, USA) and streptavidin-biotin-peroxidase complex (1: 300,
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Sigma, ST Louis, USA) according to the manufacturer's recommendation. Finally, DAB (diaminobenzidine) was used for color development. Negative controls were prepared by using non-immune rabbit serum instead of the primary antibody. The specificity of the immunostaining was validated by the negative control experiment (data not shown). The degree of A O and AT1R immunoreactivity was determined as relative greyness by an image analysis system (Leica Q500MC, Germany).
Western blot analysis
Experiments were carried out as previously described (1) . Briefly, protein samples were electrophoretically size-seperated using a 4-12% NuPAGE gel (Invitrogen, Carlsbad, CA, USA). Medium range molecular weight Multi-Colored Standard Markers from 4 to 250 kD (Invitrogen, Carlsbad, CA, USA) was loaded as a size standard. Equivalent amounts (100 µg) of total protein from respective arterial samples from CON and SUS rats were added to adjacent lanes and the samples were run on an 8×10-cm electrophoresis cell. After separation, the proteins were transferred to a nitrocellulose membrane. The membranes were washed in phosphate buffered saline, and blocked with 5% nonfat dried milk in PBS overnight at 4 °C. Subsequently, the membranes were incubated with primary antibodies for 3 h and then incubated for 45 min with infrared (IR)-labeled secondary antibodies (LI-COR, Lincoln, Nebraska, USA) in PBSTween-20 containing 0.01% SDS. The dilutions of primary antibodies were as follows: polyclonal antibody against A O prepared in our laboratory (19), 1:1800; polyclonal antibody against AT1R (Santa Cruz Biotechnology, Santa Cruz, CA, USA), 1:500; monoclonal antibody against β-actin (Sigma, ST Louis, USA), 1:2000. The bound antibody was detected by the Odyssey infrared imaging system (LI-COR, Lincoln, Nebraska, USA) and the densities of the two bands at 50 and 70 kD, respectively, were detected to evaluate the level of A O and AT1R expression. Quantification of protein expression was expressed as ratio of A O and AT1R to β-actin, respectively.
In situ hybridization
Experiments were carried out essentially as previously described (14) . Briefly, complementary DNA fragments corresponding to the nucleotides 416-836 and 439-881 of the rat A O and AT1R cDNA (GenBank accession. NM 134432 and NM 030985) were cloned into the vector pCRII-TOPO (Invitrogen, Carlsbad, CA, USA). Using this plasmid as a template, sense and antisense single-strand RNA probes were synthesized with a digoxigenin labeling kit (Roche Diagnostics, Mannheim, Germany). The cryosections were mounted onto the gelatin-coated glass slides, washed, and incubated in a prehybridization buffer containing 50% (v/v) formamide, 5×SSC, 5×Denhardt's solution, 250 µg/ml yeast tRNA, and 500 µg/ml salmon sperm DNA for 1 h at 60 °C. Then, the sections were hybridized with digoxigenin-labeled sense and antisense RNA probes for A O and AT1R in the prehybridization buffer for 16-24 h at 60 °C. Subsequently, the sections were incubated in alkaline phosphatase-conjugated anti-DIG antibody Fab fragment (1:2000, 1093274; Roche Diagnostics, Basel, Switzerland) in Acta Physiologica Hungarica 96, 2009 PBS (pH 7.4) containing 0.3% (v/v) Triton X-100, 0.25% (w/v) carrageenan, and 1% (v/v) normal donkey serum. Then, the bound phosphatase was visualized by reaction in the dark with nitroblue tetrazolium (0.375 mg/ml) and 5-bromo-4-chloro-3-indolyl phosphate (0.188 mg/ml) in 0.1M Tris-HCl (pH 9.5) containing 0.1M NaCl and 5 mM MgCl 2 for 24-36 h at room temperature. The degree of A O and AT1R hybridization was determined as relative greyness by an image analysis system (Leica Q500MC, Germany). When sections were incubated with sense probes or PBS, no hybridization signals were detected.
Real time PCR analysis
Experiments were carried out essentially as previously described (1). Total RNA was extracted with RNeasy mini column (Qiagen, Valencia, CA, USA). For reverse transcription, RNA (1 µg) was used in a final volume of 20 µl. The reaction mixture consisted of 0.2 µg random hexamer primer, 4 µl 5×reaction buffer, 10 mM dNTP mix, 20 U RNase inhibitor, and 200 U M-MuLV reverse transcriptase (Fermentas, Burlington, Canada). The reaction mixture was incubated at 42 °C for 60 min, followed by heating at 70 °C for 10 min, and then stored at -20 °C until use.
The following forward and reverse primers were designed with Primer Express (version 1.5) software (PE Biosystems). A O (forward, 5'-GGC AAG ATG GGT GAC ACC A-3'; reverse, 5'-CTG CTT GGA GTT CAA GGA GGA T-3'). AT1R (forward, 5'-GCA CAC TGG CAA TGT AAT GC-3'; reverse, 5'-GTT GAA CAG AAC AAG TGA CC-3'). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (forward, 5'-ATC AAC GGG AAA CCC ATC AC-3'; reverse, 5'-AGC ATC ACC CCA TTT GAT GTT AG-3').
Real 
Statistical analysis
Values are means ± SE (except for body weight data, which are means ± SD) and were evaluated by using a paired Student's t-test. Statistical significance is defined at a value of P<0.05.
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Results
Body weight, soleus wet weight, and tibia length
In each experiment of series 1, 2, and 3, there were no significant differences in either the final body weight (402.2±11.4 and 396.9±10.6 g) or in the length of left tibia (39.6±0.4 and 39.5±0.4 mm) between CON and SUS groups, which indicates a normal gowth. However, 28-day SUS resulted in a 60% (P<0.01) reduction in the wet weight of soleus muscle (CON, 168.3±6.4; SUS, 66.9±3.8 mg), which confirms the deconditioning effect due to SUS.
Histomorphometric changes
Representative micrographs of the wall of the common carotid artery and abdominal aorta from the three groups are shown in Fig. 1 . Except that, the average thickness of the wall (T W ) of the common carotid artery in SUS was significantly greater than in CON group by 25.6% (129.4±3.5 vs. 103.0±1.8 µm), there were no significant differences in the parameters, such as the lumen diameter (D), mean number of smooth muscle layers (N M ), and mean number of elastic luminae (N EL ) in the two kinds of arteries and in the T W of the abdominal aorta between CON and SUS groups (Table I) . Table II shows the thickness of the intima and of the individual muscle and elastic tissue layers. These thickness data are depicted graphically into two diagrams shown in Figs 1C and 1D . In the wall of common carotid artery, there are four muscle layers and four elastic laminae. In SUS rats, the thickness of each smooth muscle layer from M 1 to M 4 increased by 44.0%, 42.4%, 22.2%, and 39.8% (P<0.01), respectively, compared with that of CON rats. In the wall of abdominal aorta, there are nine muscle layers and nine elastic laminae. In SUS rats, the thickness of each muscle layer from M 1 to M 4 decreased by 17.0%, 11.7%, 11.4% (P<0.01), and 10.1% (P<0.05), respectively, but from M 5 to M 9 it did not show significant changes (Table I and Fig. 1 ). The data in Table II were used to calculate the cross-sectional area (CSA) of each layer and are summarized in Table III . The CSA of the lumen and intima did not show significant changes in both the two kinds of vessels after SUS. In the common carotid artery of SUS group, the percent increase in the CSA of the four muscle layers ranged from 50% to 31%, with the trend that the maximum enlargement was in M 1 and M 2 . While in the abdominal aorta of the SUS rats, the percent decrease in the CSA ranged from 25% to 11%, with the maximum decrease was in M 1 , M 2 , and M 3 layer. In SUS rats, the total CSA of SM layers (ΣCSA M ) were 42.1% greater and 11.7% less in common carotid artery and abdominal aorta, respectively, than that of CON group (Table III) . On the contrary, the thickness and CSA of each elastic lamina showed a trend of decrease and increase in the common carotid artery and abdominal aorta, respectively, after SUS, and some of these differences were significant (Tables II and III) . 14.4 ± 0.6 13.8 ± 0.5 -4.2 EL 5 3.3 ± 0.2 3.4 ± 0.1 +3.0 M 6 13.8 ± 0.6 13.3 ± 0.4 -3.6 EL 6 3.3 ± 0.1 3.3 ± 0.1 0 M 7 13.4 ± 0.6 13.8 ± 0.6 +3.0 EL 7 3.2 ± 0.1 3.2 ± 0.1 0 M 8 12.8 ± 0.3 12.8 ± 0.4 0 EL 8 3.0 ± 0.2 3.0 ± 0.1 0 M 9 12.0 ± 0.0 12.0 ± 0.8 0 EL 9 2.9 ± 0.1
Values are means ± SE. 
Immunohistochemistry
Representative light photomicrographs showing the immunohistochemical localization of A O and AT1R proteins in the wall of common carotid artery and abdominal aorta are shown in Fig. 2 . Stained A O and AT1R are in brown color and mainly located in the adventitia and perivascular tissue, but less in the media. In the wall of the common carotid artery from a SUS rat, more intensive A O and AT1R immunoreactivity were detected in the media and adventitia compared with that of a CON rat. On the contrary, in the wall of the abdominal aorta from a SUS rat, these immunoreactivities were scarcely detected as compared with that of a CON rat. Statistical analysis further confirmed that, in the wall of common carotid artery from SUS rats the protein expression of A O in the adventitia and media increased by 29.8% and 36.1% (P<0.05), respectively; and that of AT1R increased by 52.1% (P<0.01) and 69.7% (P<0.05), respectively, compared with CON group. On the contrary, in the wall of abdominal aorta from SUS rats, the protein expression of A O in the adventitia and media decreased by 28.0% and 25.2% (P<0.05), respectively; and that of AT1R decreased by 24.9% and 37.0% (P<0.01), respectively, as compared with CON group. Figure 3 shows protein bands of about 50 and 70 kDa, which corresponds to the predicted size of A O and AT1R, respectively. The similar immunodensity of β-actin (42 kDa) as internal standard in different lanes verified uniformity of lane loading with membrane proteins. Densities of A O and AT1R bands normalized by β-actin showed significant, but contrary changes in the two kinds of arteries. In the common carotid artery from SUS rats, the A O and AT1R protein expression increased by 130.0% and 50.0% (P<0.05), respectively, compared with CON rats. Whereas in the abdominal aorta from SUS rats, the A O and AT1R protein expression decreased by 48.9% and 36.8% (P<0.05), respectively, compared with CON rats.
Western blot analysis
In situ hybridization
The specific signals of the antisense probe were located in the media and adventitia of the two kinds of vessels. Representative photomicrographs are shown in Fig. 4 . In the wall of the common carotid artery from a SUS rat, more intensive A O and AT1R mRNA signals were detected in the media and adventitia compared with that of a CON rat. On the contrary, in the wall of the abdominal aorta from a SUS rat, these mRNA signals were scarcely detected compared with those of a CON rat. Statistical analysis further confirmed that the intensity of A O mRNA signal in the wall tissue of the common carotid artery from SUS rats, increased by 109.6% and 106.3% (P<0.01) in the media and adventitia, and that of AT1R increased by 34.2% and 30.4% (P<0.05), respectively, compared with that of CON rats. On the contrary, in the wall tissue of the abdominal aorta from SUS rats, the A O mRNA signal decreased by 43.5% and 53.0% (P<0.01) in the media and adventitia, and that of AT1R decreased by 37.6% (P<0.05) and 35.5% (P<0.01), respectively, compared with CON rats (Fig. 4) . No hybridization signal was detected in the negative control in which the antisense RNA probes were replaced by the sense probes or PBS (data not shown). 
Discussion
The major findings of the present study are as follows. 1) A medium-term simulated microgravity for 28 days induces hypertrophic and atrophic change in the common carotid artery and abdominal aorta, respectively, and the greatest changes are in the innermost smooth muscle layers. 2) Simulated microgravity also induces an up-and down-regulation of gene and protein expression of A O and AT1R in the wall tissue of the carotid artery and abdominal aorta. This induction was shown by immunohistochemistry, Western blotting, in situ hybridization, and real time RT-PCR.
Regional specificity of structural adaptation in large arteries during simulated microgravity
In some of the previous studies, vascular adaptation to microgravity has been suggested to be a generalized or universal response (5, 26) . However, there is obviously sufficient evidence in favor of the region-specificity hypothesis (8, 11, 17, 18, 20, 27, 35, 36, 38, 39) . Findings of the present study add new evidence in support of the hypothesis by data obtained from large, elastic arteries. Our previous work has showed that a mediumterm simulation lasting 28 days allows vascular adaptation to attain a steady-state (36, 38) . In the common carotid artery, a large artery in the fore-body region, a 28-day SUS induces an increase in the media thickness and CSA by 25.6% and 32.5%, respectively, without significant change in the luminal diameter and the number of SM layers and the alternating elastic laminae. This increase is due to expansion of the existing SM layers and the increases in T and CSA of each SM layer are greatest in the two innermost (M 1 and M 2 ) SM layers, while intervening elastic laminae are narrowed. Interestingly, these changes are quite similar to the outward hypertrophy in the thoracic aorta of rats subjected to experimental renal hypertension. The most prominent change due to hypertension is the increase in the thickness but not the number SM layers with the greatest increase being in the two innermost SM layers (34) . It has been well established that during the development of hypertension, medial hypertrophy in larger arteries is due primarily to cellular hypertrophy (24, 25) . Though absolute measurement of cell size has not been made in the present study, it seems reasonable to assume that SUSinduced hypertrophy of SM layers of the large artery in the neck region is due primarily to cellular hypertrophy. However, as in the case of hypertensive model (24, 25) , the growth response of the arteries in fore-body region during SUS also depends on the vessel type. We have shown that SUS-induced media hypertrophy in the basilar artery (29) is quite similar to that observed in small mesenteric arteries of the spontaneously hypertensive rat (22) . In both cases, the medial hypertrophy is due to an increase in the number of smooth muscle cell layers, which is consistent with the statement that smooth muscle cell hyperplasia, not hypertrophy, plays the major role in the growth response of resistance vessels (22, 24) . On the contrary, in lower abdominal aorta, a large artery in the hind body, SUS induced a significant decrease in the total crosssectional area of SM layers by 11.7% (Table III) , without significant change in the luminal diameter and the number of SM layers and alternating elastic laminae. This
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decrease is due entirely to the narrowing of the existing SM layers and the decreases in T and CSA of each SM layer are greatest in the three innermost (M 1 , M 2 , and M 3 ) SM layers, with progressively smaller decrements towards the outer wall. The thickness of the four innermost intervening elastic laminae is widened. Our previous study has shown that a medium-term SUS induces a decrease in media CSA and number of SM cell layers in anterior tibial artery, a small hind-body artery (29) . These atrophic changes are apparently related to the decrease in local transmural pressure in hind-body vessels during simulated microgravity.
Pressure may be the primary stimulus initiating regional adaptation in arteries
In recent years, the contribution of end-organ mechanism or the peripheral effector mechanism (36) in the genesis of postflight cardiovascular dysfunction has attained growing importance (23). With respect to vascular adaptation to microgravity, redistribution of transmural pressure across the vasculature seems to be the primary stimulus and the redistribution of flow and volume is a secondary consequence (13, 33, 36) . And this pressure redistribution is maintained as long as head-down tilt or microgravity exposure is continued, even though the body fluid redistribution has attained a new equilibrium. Although many local mechanical and growth factors, such as shear stress, growth factors, cytokines, etc., are involved, there is an abundance of evidence suggesting that pressure itself is the primary stimulus (10, 16, 36) . Though there have been predictions based on physical effect of tilting and G on hydrostatic pressure gradient and some indirect evidence based on blood flow changes (13, 33, 36) , direct measurements of blood pressure in different arteries during simulated and real microgravity are rare. Recently, two research groups have reported their meaningful data. Shimizu (28) reported that in anesthetized rats and rabbits, 20°head-down tilt resulted in an increase in blood flow and pressure in the ascending aorta and common carotid artery with a decrease in the abdominal aorta and femoral artery. They further showed that in anesthetized rabbits being fixed in a sitting position, acute microgravity exposure during parabolic flight induced an increase in carotid arterial pressure with a decrease in femoral arterial pressure. Another group reported acute changes in carotid arterial and jugular venous pressure of anesthetized rats being kept in 30°head-up tilt (HUT) posture during microgravity induced by free fall (12) or parabolic flight (30) . The increment in jugular venous pressure in HUT posture during microgravity is consistent with the estimated height of the hydrostatic column above the hydrostatic indifference point, whereas the increment in the carotid arterial pressure was found to be 9-13 times greater than that in the jugular venous pressure (12, 30) . The dramatic influence of a very small change in hydrostatic pressure gradient has also been well demonstrated with veins. For example, Monos et al. (20) have shown that chronic 45°HUT resulted in a doubling of local venous pressure, enhancement of myogenic tone, and sympathetic hyperinnervation in perivascular nerves of the saphenous vein; whereas chronic 45°head-down tilt induced a diminution of myogenic tone in the vein. It should be noted that the hydrostatic pressure gradient is a constant and depends on physical parameters only, such as specific gravity of the blood, angle of tilt, and G.
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Therefore, the differences in body size seem not to influence the basic conclusions thus obtained with small rodents.
Evidence supporting the causal relationship between local prevailing transmural pressure and remodeling in large arteries can also be obtained from recent advances in vascular biology and biomechanics. Numerous studies have demonstrated a direct relationship between the circumferential stress and the structure of the wall itself. In large and elastic conduit arteries, the adaptive hypertrophy response to hypertension serves to reduce and eventually to normalize the level of circumferential stress (16) . However, the stress distribution is not uniform across the vessel wall. At higher pressure loadings, the circumferential stress is highest at the inner wall, like a large jump, and declines across the wall (6, 7) . The findings of the present study that the innermost SM layers of the media is most profoundly affected are quite consistent with the stress concentration at the inner wall (6, 7) and the medial hypertrophy of rat thoracic artery during experimental renal hypertension (34) . Consistency has also been reported in organ culture studies. In perfusion cultured rabbit thoracic aorta pressurized at 150 mmHg for three days, a marked expression of c-fibronectin was observed in the innermost SM layers of the media (2).
Important role of local RAS in mediating regional adaptation of large arteries
It has been postulated that vascular RAS plays an important role in local regulation of vascular tone and growth during microgravity (1, 37) . Angiotensin II (Ang II), the effector peptide of the RAS, is one of the most studied autocrine growth factors and it regulates VSMC growth. At present, due to methodological difficulties, the "true" Ang II concentration in the vascular tissue cannot be directly measured. However, we may evaluate local RAS activity by detecting gene and protein expression of key RAS components in vascular tissues. Local synthesis of angiotensinogen (A O ) is an obligatory requirement for a local RAS, because A O is the only known precursor of Ang II (4). Local expression of Ang II receptors is another obligatory requirement for an independent tissue RAS. Ang II binds to a family of receptors, including Ang II type 1 receptor (AT1R) and type 2 receptor. All the classic well-known effects of Ang II appear to be mediated via the AT1R (1, 37) .
Our previous work has demonstrated that the time course of both the up-and downward regulation of A O mRNA expression in the basilar and femoral arterial tissue parallels with that of differential changes in medial CSA of the two kinds of muscular arteries during SUS up to 8 weeks (37) . Arterial remodeling and gene expression changes attained a steady-state at the end of week 4 and then leveled off until the end of the eighth week of SUS. We have shown further that a SUS for 28 days, not for 7 days, can induce an up-and down-regulation of the gene and protein expression of AT1R and A O in cerebral and femoral arterial tissues (1) . In the present study, these phenomena were further confirmed in large arteries using more sophisticated methods. Immunohistochemistry and immuno-blot analysis showed that A O and AT1R protein was localized and expressed in the wall tissue of the common carotid artery and abdominal aorta. After a 4-wk SUS, the expression of A O and AT1R was up-regulated in the carotid arterial tissue, but down-regulated in the abdominal aortic and its perivascular adipose tissue. Final proof comes from in situ hybridization and RT-PCR evidence, which showed localization and expression of A O and AT1R mRNA in the common carotid artery and abdominal aorta. These data support the hypothesis that the vascular RAS plays an important role in mediating the regional structural adaptation of, at least, the large-and medium-sized arteries during microgravity.
The hypothesis that vascular RAS may play an important role in vascular adaptation to microgravity is further supported by some recent observations (16, 37) . For example, in aortic organ culture, Ang II mediates the enhanced total protein and fibronectin synthesis induced by high intraluminal pressure (2) . The present study is also of particular importance in elucidating whether aortic compliance factor might be involved in the genesis of postflight orthostatic intolerance. The present findings also support the SUS-induced differential changes of aortic stiffness in thoracic and abominal aorta reported by Tuday et al. (32) , since the position of both the thoracic artery and the common carotid artery is below the hydrostatic indifference point while the rat is in a head-down tilt posture (12, 28, 30) and the upwardly regulated local RAS might contribute to the extracellular matrix (ECM) deposition (1, 2, 9, 16, 37) .
Implications in space biomedicine and perspectives
Although the occurrence of diminished cardiac and vascular function has been identified as among the primary cardiovascular risks of spaceflight by the NASA Bioastronautics Critical Path Roadmap (23), yet there are currently no sufficient data from human studies to support this risk assessment. The data from the present animal study suggest that not only functional but also structural adaptations of arterial vessels might occur in humans during microgravity exposure. The autoregulatory adjustment of the systemic arterial vasculature should be more important during a prolonged existence in microgravity. The possibility that sustained increase or decrease in vascular local transmural pressure, relative to upright 1G condition, during microgravity leads to maladaptations or pathological changes in vessels merits further attention. For example, during a prolonged existence in microgravity, if the local RAS tone in cerebral and upper body vessels of humans is also in a sustained high level, as is speculated from the animal data, a new kind of adverse effect of microgravity (such as production of reactive oxygen species, activation of inflammatory mechanism, ECM deposition and aortic stiffening) might occur (1, 9, 32, 37) . The difference in the understanding of the mechanism makes a profound difference in the approach to an effective countermeasure. If the pressure itself is the primary stimulus that initiates regional vascular adaptation during microgravity, then a gravity-based countermeasure should be essential (13, 33, 36) .
In conclusion, the findings of the present study demonstrate that a medium-term (28 days) simulated microgravity induces hypertrophic and atrophic change in the common carotid artery and abdominal aorta and the most profound changes are in the innermost SM layers. Moreover, simulated microgravity also induces an up-and downregulation of the expression of A O and AT1R in the carotid artery and abdominal aorta.
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The present study also provides a mechanistic insight into the gravity-based countermeasure in preventing cardiovascular deconditioning during future, exploration class spaceflight.
